Abstract: Hair loss is a commonly encountered problem in clinical practice, with men presenting with a distinctive pattern involving hairline recession and vertex balding (NorwoodHamilton classification) and women exhibiting diffuse hair thinning over the crown (increased part width) and sparing of the frontal hairline (Ludwig classification). Female pattern hair loss has a strikingly overwhelming psychological effect; thus, successful treatments are necessary. Difficulty lies in successful treatment interventions, as only two medications -minoxidil and finasteride -are approved for the treatment of androgenetic alopecia, and these medications offer mediocre results, lack of a permanent cure, and potential complications. Hair transplantation is the only current successful permanent option, and it requires surgical procedures. Several other medical options, such as antiandrogens (eg, spironolactone, oral contraceptives, cyproterone, flutamide, dutasteride), prostaglandin analogs (eg, bimatoprost, latanoprost), and ketoconazole are reported to be beneficial. Laser and light therapies have also become popular despite the lack of a profound benefit. Management of expectations is crucial, and the aim of therapy, given the current therapeutic options, is to slow or stop disease progression with contentment despite patient expectations of permanent hair regrowth. This article reviews current perspectives on therapeutic options for female pattern hair loss.
Introduction
Female pattern hair loss (FPHL), or female patterned alopecia, is a form of nonscarring, patterned hair loss occurring commonly in postmenopausal adult women that is characterized by a progressive reduction in hair density on the crown of the scalp with sparing of the frontal hairline (Ludwig scale). The part width progressively increases, most prominently anteriorly, and demonstrates thinning rather than baldness. Temporal recession occurs to a lesser degree in females than in males. A genetically determined shortening of the anagen phase of growth with a constant telogen phase leads to a gradual conversion of terminal (large, thick, and pigmented) hairs into vellus (short, thin, nonpigmented) hairs. Diffuse, rapid onset, nonscarring alopecia is not common in patterned alopecia and should raise suspicion for systemic illness such as iron deficiency, thyroid disease, or syphilis; medication exposure; or an autoimmune etiology. 1 Perifollicular erythema, pustules, inflammatory papules, scarring, and symptoms such as pain or itching are suggestive of a scarring process.
The prevalence of FPHL increases with age and has a reported incidence of 29%-38% in those greater than age 70, but only 3% in ages 20-29. 2, 3 Patterned alopecia has been reported in a pediatric population chart review, more commonly in females than in males, with an average age of onset at 14.8 years; commonly an underlying endocrine disorder, such as polycystic ovarian syndrome or late-onset adrenal hyperplasia, is suggested. 4 Despite a significantly large prevalence, many women feel the condition is rare, and are affected socially and psychologically. 5 Relative to control subjects, women with FPHL completing a standardized questionnaire possessed a more negative body image and a pattern of less adaptive functioning. It was later reported that 55% of patients who had FPHL displayed symptoms of depression, whereas men were more likely to display anxiety (78%) or demonstrate aggressiveness or hostility (22%). Treatment of hair loss produced an improvement in 89% of women and 76% of men. 6 Further, an increased incidence of coronary artery disease and benign prostatic hypertrophy has been reported in males with pattern hair loss, but not fully confirmed in subsequent studies. [7] [8] [9] [10] Ultimately, patterned alopecia is primarily a cosmetic concern, with some increased risk of increased ultraviolet damage with progressive scalp exposure if sun protection is not utilized consistently.
Currently, topical minoxidil 2% applied directly to the scalp is the only medication approved by the United States Federal Drug Administration (FDA) for the treatment of FPHL. Other pharmacological agents are used off-label, with variable results. Surgical hair restoration is a final option; however, involvement of the occipital scalp in females often limits its ability and effectiveness. Increased interest in deciphering the molecular mechanisms responsible for this genetically determined condition could potentially open the door for novel treatments that may stimulate new hair growth as well as regenerate older, weakened hairs.
Clinical presentation and diagnosis of female pattern hair loss
Ludwig first described the three stages of female hair loss in 1977. 11 Although the exact pattern varies among individuals, the majority demonstrate mid-frontal thinning, while others have temporal and/or vertex involvement (the male type). Some have tried reclassifying FPHL as early onset with or without androgen excess and late onset/postmenopausal with or without androgen excess. 12, 13 However, no major alterations in Ludwig's original classification have been made to date, and treatment modalities assessed in clinical trials still utilize this system, defined by slowly progressive vertex thinning with an increased part width and sparing of the frontal hairline without inflammation or scarring (Table 1 and Figure 1A -C). Initially, patients may report increased hair shedding without noticeable change in the overall appearance and thickness of the hair. Not until a significant number of scalp hairs are affected can the physician note the decreased hair density. Generalized, rapid shedding with thinning should prompt a workup for an underlying systemic illness, medication exposure/change, lifestyle modification, or change in hair care practices. Although uncommon in FPHL as compared to male pattern, temporal thinning can be present and may be a first manifestation (Figure 2 ). In these cases, other causes of temporal thinning, such as traction, telogen effluvium, frontal fibrosing alopecia, and hypothyroidism, should be ruled out.
14 Patients with FPHL uncommonly report symptoms of itching, burning, or pain of the scalp; however, the presence of inflammation (particularly around hair follicle ostia), scaling, inflammatory papules or pustules, fibrosis with loss of follicular ostia, and/or broken, fragile hairs should prompt a workup to rule out scarring-type alopecia ( Figure 3A-C) . It is important to note that violaceous or pink erythema, rather than red, may signify an autoimmune cause such as lupus erythematous, dermatomyositis, or lichen planus ( Figure 4A and B). Lymphadenopathy is often a sign of inflammatory tinea capitis and can be easily diagnosed by potassium hydroxide and/or fungal culture of scalp scales and/or hair follicles ( Figure 5A and B). Any suggestion of androgen excess such as an abnormal, irregular, or painful menses; increased body hair in uncommon places; obese body habitus; or uncontrolled acne that flares with menstruation should prompt an endocrine workup. 15 Thus, the diagnosis of FPHL is a combination of a detailed inquiry into the patient's history, including family, social, and medical histories, as well as a comprehensive physical examination with appropriate testing.
Although FPHL has a characteristic pattern indicative of disease, instances where the diagnosis may be in question, given a nonclassic appearance of any of the symptoms or findings described above, should necessitate additional testing 
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Perspectives on female pattern alopecia such as hair pull testing, bacterial and/or fungal cultures, laboratory examination, microscopic hair examination, and/ or skin biopsy (Table 2) . Scalp biopsy in FPHL will show a decreased terminal-to-vellus hair ratio, indicating miniaturization of the hair follicle as well as an increase in telogen hair follicles.
16

Pathogenesis
The hallmark feature of FPHL is the progressive transformation of terminal hair follicles (large, thick, pigmented) to vellus hair follicles (short, thin, nonpigmented), in part due to a genetic predisposition influenced by androgens. 17, 18 Although the process of miniaturization is not fully elucidated, it is known that androgen-responsive hair follicles gradually shorten their anagen (growth phase of the hair follicle) phase, resulting in fewer terminal follicles and more follicles in the shedding phase (telogen). In males, miniaturization is thought to be induced by the conversion of testosterone to dihydrotestosterone (DHT) by the enzyme 5α-reductase. A similar conversion is postulated to occur in women; although the role of this conversion and effect on the female hair follicle is less clear. Androgens exert their effect on hair by means of circulating testosterone derived from the adrenal glands, testes, or ovaries. Only free testosterone has the ability to enter cells and undergo conversion to DHT, which then acts on the androgen receptor in susceptible scalp hair follicles to facilitate the unwanted conversion to a miniaturized follicle. 19 Interestingly, only a minority of females with patterned hair loss have evidence of hyperandrogenism, such as those with polycystic ovarian syndrome, making the role of increased androgen levels in FPHL unclear. 20 Studies suggest that women may have less 
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Levy and emer severe hair loss than men due to lower levels of 5α-reductase and higher levels of aromatase, an enzyme which converts testosterone to estradiol, in susceptible hair follicles.
21
A single case report of clinically and histologically proven FPHL with hypopituitarism and undetectable androgens suggests the possibility that this pattern of hair loss also can be induced by events independent of androgens. 22 The role of estrogen in the pathogenesis is also not definitive, although the increasing prevalence of FPHL in postmenopausal women and the hair loss that occurs following aromatase inhibitor therapy suggest that estrogens may stimulate hair growth. 23, 24 Conversely, genetic studies implicate that an aromatase gene variant resulting in higher levels of estrogen may be associated with the development of FPHL. 25 Interestingly, the scalps, especially the frontal hair lines, of young women have higher levels of aromatase compared with male scalps, which may explain the decreased severity and relative sparing of the frontal hairline in FPHL. 21 The aromatase 
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Perspectives on female pattern alopecia family 19, subfamily A, polypeptide 1), has been associated with higher circulating levels of estrogens and might influence the risk of developing FPHL.
25
Treatment
FPHL is solely a cosmetic concern which fosters psychological distress for patients, as it has a notable impact on quality of life; thus, women seeking evaluation want successful treatments that can minimize further hair loss while also stimulating new hair growth or regrowth of previously lost hairs. Unfortunately, no current therapy is curative, and only one FDA-approved treatment is available at this time. Heightened interest and demand for improved, successful treatments have stimulated an expansion of treatments being implemented. We describe a review and current perspective on the reported treatments to date.
Pharmacologic Minoxidil
Topical minoxidil 2% (Rogaine, Johnson and Johnson, New Brunswick, NJ, USA) solution or foam is the only currently approved FDA treatment for FPHL, although a more potent 5% solution is available and approved for male pattern hair loss (MPHL). Oral minoxidil was introduced prior to the development of the topical form as a treatment for hypertension, given its vasodilatory properties through the stimulation of potassium channels. An observed side effect was hypertrichosis and the reversal of balding in male patients. 26 Although the subject of over 20 years of research, the stimulatory effects of minoxidil on the hair follicle are not fully known; however, it is known that minoxidil results in an increased growth rate, thicker diameter of the hair follicle, and lengthened anagen phase with a shortened telogen phase of the hair cycle. 27 Improvement in hair counts may not be due to enhanced blood supply, as survival has been demonstrated in the absence of a blood supply. 28 Some consider topical minoxidil to be a nonspecific biological response modifier, as it appears to increase conversion of testosterone to less active androgens by increasing activity of 17β-hydroxysteroid dehydrogenase, but it also slightly increases 5α-reductase activity in cultured balding scalp human dermal papilla cells. 29 Several randomized controlled trials have proven the effectiveness of topical 2% minoxidil for FPHL. 30, 31 However, the 5% concentration has demonstrated much superiority over the 2% in a double-blind, placebo-controlled, multicenter trial of 381 patients with FPHL who received minoxidil 5% solution, minoxidil 2% solution, or placebo enzyme converts androgens to estrogens, which diminishes the amount of follicular testosterone available for conversion to DHT, and is differentially expressed in the balding and nonbalding scalps of women. Recently, sequence variation in the gene encoding aromatase, CYP19A1 (cytochrome P450, 
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Perspectives on female pattern alopecia twice daily. 32 Both concentrations were without systemic side effects, but patients in the higher concentration group were more likely to experience treatment-related side effects such as scalp pruritus, irritation, and facial hypertrichosis. The application of 5% minoxidil foam once daily was compared to 2% minoxidil solution twice daily in a subsequent study, with the goal of finding a solution to the treatment-related side effects observed when administering the 5% solution twice daily. At 24 weeks, patients in the 5% once daily group had noninferior hair counts and experienced a nonsignificant improvement in hair counts, hair width, and overall efficacy. Additionally, 5% foam once daily was more aesthetically pleasing to patients, as there was less facial hypertrichosis and scalp pruritus, and the treatment interfered less with hair styling when compared to the 2% solution group. This study concluded that 5% foam once daily was as clinically effective, and offered a significant aesthetic advantage, when compared to the 2% solution administered twice daily. 33 Of note, the foam preparation does not contain propylene glycol, which is a frequent cause of irritant dermatitis and may be a reason for the reduced rate of preparation-induced side effects. Further, the solution form has a higher alcohol content, which is also a known irritant.
Most recently, a meta-analysis of randomized controlled trials for treatment interventions in FPHL demonstrated that a greater proportion of patients treated with topical minoxidil reported an increase in hair growth when compared to placebo with a relative risk of 1.86, indicating that hair growth was more likely to occur in the experimental group. 34 Of seven included studies, there was an increase of 13.28/cm 2 in total hair count when compared to the placebo group. Additionally, adverse events were deemed minimal, but facial hypertrichosis was noted in the 5% solution used twice daily. Price et al determined that after discontinuation of minoxidil 2% and 5% solutions, hair weight and number counts returned to placebo levels in 24 weeks. 35 Fortunately, minoxidil is inexpensive, generically available, easy to use, and is an effective treatment in restoring the number of nonvellus hairs. Unfortunately, clinical effects are unpredictable, and to some the results may be mild and unappreciated by the patient. Further, if the treatment is not continued continuously and indefinitely, improvements will be lost. It is extremely important to counsel patients that clinical effects may not be noticeable for up to 3-6 months of continued daily use and that hair shedding may occur in the first few months as hairs are transitioned to the anagen phase of growth. If treatment is halted or used inconsistently, there may be lack of appreciable improvement or lost results.
Patients should be informed that the goal of treatment is to prevent further hair loss, but treatment may result in new growth and/or thickening of existing hairs. It is not known if the generic version is any different with regards to efficacy and side effects. No treatment is curative, and many patients may have continued progression despite intervention. Facial hypertrichosis can be reduced by applying the product directly to the scalp in a thin layer so there is no excess (the foam preparation is superior in this regard) well before going to bed, or applying a head covering to limit unwanted spreading of the product. It may be best to recommend the 2% version to women concerned of this potential unwanted complication, although topical eflornithine (Vaniqa, Skinmedica, Inc, Carlsbad, CA, USA), waxing/plucking, or laser hair removal are options if this complication were to occur. Topical corticosteroids can be used concomitantly to help limit irritant dermatitis and improve seborrhea. Ongoing clinical trials are investigating new formulations, combinations with other medications and/or supplements, and procedures to increase or improve drug delivery. 36, 37 For example, in one study where an investigational combination product called NuH Hair (a novel combination lotion of minoxidil, finasteride, and dutasteride, the overall contents, composition percentages, and formulation methods of which have not been released), applied daily in combination with administration of oral finasteride, topical 5% minoxidil foam, and/or topical ketoconazole to the scalps of males with patterned hair loss, demonstrated the most significant improvement in hair counts and overall appearance as compared to the investigational product combined with two or fewer other interventions. 38 In the patients treated with all four interventions, hair growth was noted as early as 14 days. Although this study had very few patients and was not blinded, it demonstrates that combination therapy improves results in the treatment of patterned alopecia and that there is a complex interplay of multiple mechanisms influencing this condition, each requiring specific targeted treatments. Another study using 200 mg of oral spironolactone for 24 weeks in FPHL demonstrated improvements which plateaued but demonstrated further regrowth with the addition of 5% minoxidil solution twice daily. 39 A recent in vitro study demonstrated that iontophoresis delivery of minoxidil gel demonstrated greater accumulation of medication into the hair follicle as compared to passive delivery. 40 Enhanced follicular drug delivery through various mechanisms, here shown with iontophoresis, may be useful to improve the treatment of androgenic alopecia. It has been published that scalp cooling prior to chemotherapy can have 
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Levy and emer a preventative impact on the amount of hair loss; although through a different mechanism of hair loss (eg, anagen effluvium), the concept that changing growth parameters such as temperature, pH, blood flow, and nutrient content are important factors in the treatment of patterned alopecia and have the potential to improve treatments in the future. 41 
Reductase Inhibitors Finasteride
Finasteride is a competitive and specific inhibitor of type II 5α-reductase -the isotype most common in the hair follicles, prostate, seminal vesicles, epididymis, and liver -which, as described above, blocks the intracellular conversion of testosterone to DHT, a process that appears to play an integral role in the process of hair miniaturization. Type I isotypes are found in sebocytes and hepatocytes. Finasteride has no affinity for the androgen receptor and has no androgenic, antiandrogenic, estrogenic, antiestrogenic, or progestational effects. 42 It is FDA approved as a 1 mg daily dose (Propecia, Merck and Co, Inc, White House Station, NJ, USA) for the treatment of MPHL and as a 5 mg daily dosage for the treatment of benign prostatic hypertrophy (Proscar, Merck and Co, Inc). 43, 44 It is used off-label in the treatment of postmenopausal FPHL (see below). At the dose of 1 mg daily, an increase in total hair count and anagen hair count as well as reduced progressive hair loss was shown in large clinical trials of males with androgenic alopecia. 45, 46 There are conflicting reports of the effectiveness of finasteride for FPHL. To date, there is only one large-scale, multicenter, randomized placebo-controlled trial, consisting of 137 postmenopausal women with FPHL. 47 Women were randomized to receive either finasteride 1 mg daily or placebo, with a 1-year follow-up period. No significant change in the hair count between the groups could be identified, and both groups had gradual decreases in hair loss as calculated by the computer-assisted counts. Histological analysis confirmed the clinical findings of lack of increased hair growth or terminal hair differentiation. Thus, the authors concluded that finasteride provided no benefit in increasing hair growth in women with FPHL over a 1-year period.
Contrastingly, there are case reports of higher dosages (up to 5 mg daily) showing benefit with documented improvements in mean hair density and thickness and with few reported side effects (headache, menstrual irregularity, dizziness, and increased body hair growth), even in the absence of signs of hyperandrogenism. [48] [49] [50] [51] [52] Shum reported a series of four women with hyperandrogenism who responded to finasteride, all of whom had hirsutism and elevated testosterone, among other laboratory abnormalities. 53 Clinical response was seen as early as 6 months and as late as 2.5 years after initiation.
At this point in time, the successful use of finasteride is unpredictable, and may depend on accurately identifying potentially treatment-responsive subsets of patients. In an unblinded open-label trial of 36 women with hyperandrogenic alopecia, patients were randomized to receive finasteride (5 mg daily), flutamide (250 mg daily) or cyproterone acetate (50 mg daily for 10 days of the month) with ethinyl estradiol for 1 year. 54 Flutamide induced the most improvement in hair growth; the finasteride group demonstrated no more hair growth than the control group that did not receive any treatment intervention. Greater efforts are needed to classify women accurately into appropriate subsets for which this treatment option may be beneficial. For now, appropriate androgen screening tests should be performed. Fortunately, side effects are minimal in the treatment of FPHL and may include headache, depression, nausea, and/or hot flashes. Medication teratogenicity is a concern, and requires proper patient selection and counseling prior to use. 47 
Dutasteride
Dutasteride (Avodart, GlaxoSmithKline, Research Triangle Park, NC, USA) is a more potent reductase inhibitor than finasteride, as it inhibits both types I and II 5α-reductase. It is currently FDA approved for the treatment of symptomatic benign prostatic hypertrophy (BPH), but not for the treatment of patterned alopecia. 55 Dutasteride at 0.5 mg daily produces a greater reduction in serum DHT (90%) as compared to finasteride at 1 mg daily (70%), as it is more rapid and potent at type II inhibition. In the treatment of MPHL there is clear evidence of its validity, as mean hair counts increased by 12.2/cm 2 in the dutasteride group as compared to 4.7/cm 2 in the placebo group. 56 Another study showed similar statistical improvements in pairs of identical twin males with MPHL treated with dutasteride or placebo. 57 Further, another study documented good outcomes in men with MPHL treated with dutasteride 0.05 mg/day, 0.1 mg/day, 0.5 mg/day, and 2.5 mg/ day compared to finasteride 5 mg/day or placebo. 58 The mean hair count in the 2.5 mg dutasteride group was significantly greater than the finasteride group at both 12 and 24 weeks. At 24 weeks, the percentage of subjects with at least a 10% increase in hair counts was 0% for placebo; 17%, 38%, 48%, and 56% for the dutasteride 0.05 mg/day, 0.1 mg/day, 0.5 mg/day, and 2.5 mg/day groups, respectively; and 41% for finasteride group. One study documented improvement with the addition of dutasteride 0.5 mg daily after finasteride treatment resistance 4 years after daily use. 
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Perspectives on female pattern alopecia There has been one report of successful treatment with the use of dutasteride for FPHL with no observed side effects in a 46-year-old patient who had failed both minoxidil and finasteride treatment. 60 Mesotherapy using a dutasteride-containing preparation was found to positively influence hair growth in women with FPHL when compared to saline control after 18 weeks of treatment initiation (total of 12 treatments). 61 Topical applications using a liposomal system are being studied for an alternative to oral administration; whether or not this may prove beneficial remains to be seen. 62 
Antiandrogens Spironolactone
Over 20 years ago, spironolactone (Aldactone, Pfizer Inc, New York, NY, USA) was prescribed to a woman for treatment of polycystic ovary syndrome and associated hypertension, with the noted benefit of improved hirsutism. Since then it has been used off-label as the primary medical treatment for hirsutism, since it both reduces adrenal androgen production and exerts competitive blockade on androgen receptors in target tissues. 63 Spironolactone arrests hair loss progression with a favorable long-term safety profile. It is FDA approved for primary hyperaldosteronism; edematous conditions secondary to liver failure, heart failure, or nephrotic syndrome; and hypertension. 64 Although not currently approved for any dermatologic conditions, it has been accepted as a treatment for acne, hirsutism, and FPHL due to the antiandrogenic properties, as it decreases serum testosterone and lessens its effect in target tissues. 63, 65, 66 The ingested drug is absorbed rapidly and metabolized by the liver to canrenone and potassium canrenoate, the active antagonist of aldosterone, and contributes to the potassium-sparing diuretic action. 67 It also decreases testosterone production in the adrenal gland by depleting microsomal cytochrome p450 and by affecting the cytochrome p450-dependent enzyme 17a-hydroxylase and desmolase, as well as competitive inhibitor of the androgen receptor blocking the androgen action on the target tissues. 63 There have been no randomized controlled trials evaluating the efficacy of spironolactone on FPHL, but case reports, series, and an open-label trial support its benefit. [68] [69] [70] [71] In a case study of four patients, spironolactone at the dose of 200 mg daily reduced hair loss by 50%-62.9% and also increased the total number of anagen hairs. 69 An open-label study of 80 women with biopsy-proven FPHL who either received spironolactone (200 mg daily) or cyproterone acetate (either 50 mg daily or 100 mg for 10 days per month if premenopausal) for at least 12 months found no significant differences between the two drugs, but reported that 44% (n = 35) of patients experienced visible hair growth and only 12% (n = 10) had reduced hair density. 71 Another published report documented combined benefits with the use of spironolactone 200 mg daily and minoxidil 5% twice daily, suggesting that the addition of spironolactone to topical minoxidil therapy is a good adjunctive therapy in those patients who have reached a plateau in treatment efficacy with topical therapy alone. 38 Of note, spironolactone (100 mg daily) was equivalent to finasteride (5 mg daily) or cyproterone acetate (12.5 mg/day for the first 10 days of the cycle) in the treatment of idiopathic hirsutism but proved to be effective for a longer period of time. 72 Side effects of spironolactone are dose dependent, primarily result from aldosterone effects on the renal system, and include hypotension, hyperkalemia, fatigue, headache, weight loss, increased urinary frequency, and dry skin. The antiandrogenic effects can predispose patients to menstrual irregularities, gynecomastia, and breast tenderness. Spironolactone is pregnancy category D (considered teratogenic) and should only be used in pregnancy or lactation when maternal benefit outweighs fetal risk. The authors suggest that patients utilize birth control while on this medication; regularly testing urine or serum human chorionic gonadotropin (HCG) along with other laboratory tests, such as potassium and creatinine, is appropriate. Coadministration with an oral contraceptive may be duly beneficial, as the oral contraceptive provides protection against pregnancy and helps limit menstrual irregularities while also improving acne and FPHL. The standard dosage for FPHL is 100-200 mg daily, but should be titrated starting at 50 mg daily (in divided doses of 25 mg twice daily). Lower dosages of 50-75 mg daily may stabilize hair loss, but higher doses are likely to be more beneficial. Blood pressure should be monitored and the dose should be reduced if there are reported symptoms of hypotension such as dizziness or lightheadedness. Rare cases of hepatitis and chloasma have been reported in the literature.
73,74
Cyproterone acetate
Cyproterone acetate (Androcur, Schering GmbH und Co. Produktions KG, Weimar, Germany) is a synthetic steroid with antiandrogen and antigonadotropic properties with weak progesterone activity. It works by competing with DHT for androgen receptor binding. It is used in the treatment of prostate cancer, acne, hirsutism, and is a component of the hormonal cocktail for male-to-female transsexuals. Outside of the US, it is commonly used as a form of birth control when 
550
Levy and emer combined with estradiol. There is no form of cyproterone acetate currently available in the US.
Studies investigating the efficacy of cyproterone acetate have documented conflicting results, although there are reports of successful treatment of FPHL for those with signs of hyperandrogenism and high ferritin levels. [75] [76] [77] A retrospective review of 228 patients investigated for hyperandrogenism documented that ethinyl estradiol and high-dose cyproterone acetate treatment lowered the hirsutism score by 53.5% at 1 year and was effective in treating acne and alopecia. 78 The clinical benefit is ascribed to the peripheral antiandrogenic effect of cyproterone acetate as well as the hormone-suppressive effect of this combination.
Previously mentioned, a study comparing spironolactone and cyproterone acetate showed no difference between the two treatments in patients with FPHL and normal serum androgens. 71 A 12-month randomized control trial compared topical 2% minoxidil and cyproterone acetate in 66 women with FPHL. Patients were randomized (33 patients to each group) to receive either topical minoxidil 2% (2 mL) twice daily combined with an oral contraceptive (30 µg ethinyl estradiol and 75 µg gestodene) for 21 of 28 days or cyproterone acetate 50 mg daily for 20 of a 28 day menstrual cycle plus an oral contraceptive (35 µg ethinyl estradiol and 2 mg of cyproterone acetate) for 12 total cycles. 79 The authors found that minoxidil was more effective in inducing hair growth based on hair count in the absence of hyperandrogenism, hyperseborrhea, and menstrual cycle modifications; when the body mass index (BMI) was low. Cyproterone was more effective when there was evidence of hyperandrogenism. Side effects of cyproterone acetate include weight gain, menstrual irregularities, decreased libido, breast tenderness, and feminization of a male fetus; thus, contraceptive protection is necessary in women of childbearing potential. Larger studies are needed to confirm whether cyproterone acetate with or without ethinyl estradiol and/or spironolactone can ameliorate FPHL independent of hormone levels or not. 80 
Flutamide
Flutamide is a nonsteroidal selective antiandrogen that inhibits the binding of androgens to their receptors. 81 A prospective study of 101 patients with FPHL comparing flutamide (250 mg/day, 125 mg/day, or 62.5 mg/day) to flutamide combined with an oral contraceptive documented improvement in alopecia scores that lasted up to 2 years; although the results with mildly impressive. 82 Many patients dropped out of the study due to hepatic dysfunction. Hepatic dysfunction is dose dependent, and liver enzymes should be monitored through treatment, although hepatic failure is rare.
An open-label study suggested that flutamide at a dose of 250 mg daily resulted in the most improvement in hair growth when compared to finasteride 5 mg daily and cyproterone acetate 50 mg daily. 54 Flutamide produced a reduction in Ludwig scores of 21%, whereas finasteride and cyproterone acetate did not produce statistically significant changes. Flutamide may be a treatment option in patients with normal androgen levels, as evidenced by an increased hair density seen in a 35-year-old female treated with flutamide (250 mg daily) in combination with topical minoxidil 5% after failing spironolactone treatment. 83 
Prostaglandin analogs
The prostaglandin analogs (PGAs), such as latanoprost (Xalatan, Pfizer Inc), travoprost (Travatan, Alcon Laboratories Inc, Fort Worth, TX, USA), and bimatoprost (Lumigan, Allergan Inc, Irvine, CA, USA), are used topically in the treatment of glaucoma and ocular hypertension. [84] [85] [86] Serendipitously, this class of medications, when used for the treatment of glaucoma, was found to stimulate eyelash growth and pigmentation. Bimatoprost (Latisse, Allergan Inc) is the only FDA-approved topical for hypotrichosis of the eyelashes. 87, 88 When applied nightly, there is an increase in anagen follicles, resulting in thicker, darker, and longer eyelashes. 89 Hair growth is achieved through induction of the anagen phase in telogen hair follicles through targeting the dermal papilla. 90 The use of these agents in patterned alopecia is suggested by the literature but not yet supported by trials. Latanoprost stimulated hair growth in the macaque model of androgenetic hair loss with topical daily application for 5 months, with 5%-10% conversion of vellus hairs to intermediate or terminal hairs with a high dose (500 µg / mL). 91 Subsequently, a randomized comparison study evaluated the use of topical latanoprost 0.1% versus placebo in 16 men with mild (Hamilton II-III) patterned alopecia who applied the solutions daily to two minizones of the scalp. At 24 weeks, there was a significant increase in hair density of both terminal and vellus hairs on the latanoprost-treated site when compared to baseline and to the placebo-treated site. 92 Fifty percent were defined as having a "good clinical response" (treatment better than placebo in at least two of the study criteria), 44% had "no clinical response" (no difference between placebo and treatment), and 6% had a "bad clinical response" (placebo better than treatment). Adverse events in this study were folliculitis, erythema, and sensation of burning. This is a similar 
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Perspectives on female pattern alopecia side effect profile when latanoprost is used in the treatment of glaucoma, and includes iridial and periocular pigmentation, erythema, telangiectasia, extra eyelash rows, pigmentation, and eyelash curvature.
Scalp injections of bimatoprost 0.03% weekly for 12 weeks and then biweekly for 4 weeks was attempted as a novel treatment of FPHL in a 59-year-old female, without success. 93 This novel treatment reinforces that further pilot studies with PGAs are necessary in order to determine efficacy. A clinical trial to establish the efficacy of three formulations of bimatoprost solution compared with minoxidil in women with FPHL has been completed without published results. 94 The use of PGAs in the treatment of other hair loss conditions such as alopecia areata show conflicting results. 95, 96 Other treatments
Ketoconazole
Ketoconazole is an imidazole antifungal agent with antiinflammatory effects proving successful in the treatment of seborrhoeic dermatitis. Studies using ketoconazole shampoo 2% on MPHL showed increased hair density in addition to increased size and proportion of anagen follicles when compared to those using a nonmedicated shampoo. 97 The addition of finasteride (1 mg daily) documented an additive effect to the use of topical ketoconazole in the treatment of MPHL. 98 Further, murine experiments have shown increased hair growth following the use of topical ketoconazole in a 95% ethanol solution, suggesting its potential benefit in the treatment of patterned hair loss. 99 Oral administration of ketoconazole is known to have antiandrogen effects, as it can inhibit steroid biosynthesis of testicular and adrenal androgens. 100 Therefore, it is believed that topical application may have efficacy in suppressing androgen receptor activity and be important in hormonally stimulated hair loss. There are currently no published studies on the use of ketoconazole in FPHL, and it is unknown if it is or will be a useful modality for this disorder.
estrogens
As described above, there is a paucity of data suggesting nonandrogenic signals may have influence over the follicular unit with regards to FPHL. Despite this, estrogens have been shown to decrease the duration of the telogen phase and increase the duration of the anagen phase in the human scalp. 101 Additionally, the discovery of the estrogen receptor beta and the polymorphism in the gene encoding aromatase (CYP19A1) in hair suggests estrogen's influence on the hair follicle growth cycles. 24, 102 This seems to correlate with the perceived view of hair thinning and decreased growth rate in many peri-and postmenopausal women. 103 In vitro studies have shown that human scalp hair follicles exposed to estradiol results in decreased growth, where cells of the dermal papilla responded with proliferation. 104, 105 Nevertheless, the biological activity of estrogen in the hair follicle is likely a result of a complex interplay between genetic factors and hormonal influence on a multitude of signaling pathways. 106 When used systemically, estrogens act to decrease circulating testosterone through upregulation of sex hormonebinding globulin. Interestingly, the use of oral contraceptives, their cessation, and hormone replacement therapy have all been reported to cause temporary hair shedding or telogen effluvium. Whether the progestin component plays a role is debated. As described earlier, women with breast cancer who take medications aimed at decreasing the effect of estrogens (selective estrogen receptor modulators) or medications that block the peripheral production of estrogen (aromatase inhibitors) commonly report hair loss. Further, in pregnancy, scalp hair diameter has been shown to increase; likely not a result of estrogen alone, but a complex interaction with other hormones including progesterone and prolactin. 107 One report documented complete hair regrowth in a transsexual individual with MPHL on estrogen. 108 In Europe, topical estrogens are available and used for various hair disorders. A recent study of topical estrogen (fulvestrant) documented increased hair growth in a murine model, but failed to show improvement in men and women with pattern baldness. 109 Contrastingly, topical 17α-estradiol demonstrated increased hair counts and diameter after 8 months of use in a Phase IV open-label trial in Korean women. 25 A comparison between topical minoxidil 2% solution and topical alfatradiol in the treatment of FPHL demonstrated positive results only in the group treated with minoxidil after 6 months of daily use. 110 Patients crossed over from topical alfatradiol to minoxidil noticed increase in cumulative hair thickness and absolute hair density. Of note, the alfatradiol group remained unchanged, which may suggest that topical estrogen can stabilize or decelerate progressive hair loss. At this point in time, there is insufficient evidence to support the use of estrogens in FPHL, and additional studies are needed to validate their use. 111 
Nutritional supplementation
It has been suggested that nutritional supplements with vitamins, minerals, and/or antioxidants may help in hair 
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Levy and emer growth and health [112] [113] [114] [115] [116] (Table 3) . Since there is a lack of randomized controlled trials supporting any of these claims, we will not discuss this topic further in this paper. However, a list is provided, and practitioners should be familiar with those available so as to avoid potential side effects or drug interactions if employed. Supplementation may be beneficial in combination with evidence-based treatments.
Low-level light therapy
Low-level light therapy (LLLT) utilizes devices with light-emitting diodes (650-900 nm) which alter cellular function, such as levels of prostaglandins, cytokines, and tumor necrosis factor, and influence reversal of oxidative stress, such as those induced by mitochondrial redox reactions. 117, 118 The mechanisms by which LLLT can induce hair growth are not clear, but it is suggested that light may activate dormant hair follicles, increase blood flow to the hair follicles, or upregulate the production of adenosine triphosphate (ATP) by mitochondria to stimulate hair into the anagen phase. 119 Clinical evidence for the induction of hair growth following diode laser treatment stems from reports of paradoxical hypertrichosis in adjacent areas following laser hair removal treatments as well as alopecia areata improving from ultraviolet light therapy. 120, 121 In 2007, the HairMax laser comb (Lexington International LLC, Boca Raton, FL, USA) was approved by the FDA as the first and only medical laser device marketed for the treatment of MPHL, with subsequent approval for FPHL in 2011. 122 This device has nine beams with a wavelength of 655 nm and utilizes hair combs that align with the laser beam, so that energy is targeted toward the scalp when the hair is parted with the comb.
A double-blind, sham device-controlled, multicenter, randomized 26-week trial of the HairMax device for MPHL demonstrated significantly greater increases in mean terminal hair density than in subjects in the sham device group at 26 weeks. 123 Subjects used the device three times a week for 15 minutes. A smaller prospective study of 35 male and female patients with patterned alopecia reported increased hair counts and tensile strength of the hair in both the temporal and vertex areas for men and women. 124 Most recently, The Oaze (Won Technology, Daejoen, Korea), a helmet-shaped LLLT device emitting wavelengths of 630 nm, 650 nm, and 660 nm, was evaluated in a randomized, double-blind, sham device-controlled trial including both men and women with patterned hair loss. 125 After 18-minute daily treatments for 24 weeks, mean hair diameter improved significantly in the treatment group when compared to the sham device group. Investigator global assessments showed improvements in the treatment group over the sham group through the course of the study; however, patient perception was that of no improvement for both groups.
At-home laser treatment is appealing, as these treatments are convenient, easy to use, have minimal side effects, and are less costly than continued medical therapies. Reported adverse events include scalp irritation or erythema. Such treatments may offer a viable option for those who are medication adverse, or as a useful adjunct to other medical or surgical therapies.
Hair transplant surgery
Females who have failed other therapies but desire a permanent solution to hair loss have the option of hair transplantation. Unlike men, however, donor site availability in females may be limited given the diffuse nature of the hair loss pattern; this should be discussed with those considering therapy. Transplantation procedures are often time consuming, uncomfortable, and expensive, and may not give an ultimate cure even after multiple treatments. A realistic goal should be an improvement in hair density rather than complete reversal. 126 Complications include temporary loss of hair adjacent to the donor and recipient area due to decreased blood supply at the incision site, infection, pain, and failure of the transplanted hair to grow. The use of topical minoxidil may increase hair density and speed the regrowth of transplanted follicles following the surgical procedure. 127 Referral to a dedicated and reputable hair transplantation specialist should be offered to those patients who desire this therapy. Wigs and/or hair camouflage 
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Perspectives on female pattern alopecia can be offered as a last option in those unwilling to have surgery and/or those for whom medical therapy has not proven beneficial.
Conclusion
Patterned hair loss is distressing to both the patient and the practitioner. No treatments are curative, and most therapies for FPHL are only partially effective. As hair loss can be cosmetically and psychologically distressing, it is important for practitioners to address diagnosis and treatment early to catch the opportunity for therapeutic success. Although only one therapy is currently FDA approved for the medical treatment of FPHL, there are many other options discussed here that can be utilized with relatively minimal side effects if used properly. The goal of therapy should be to stop further progression and improve the density of the hair that remains. Lack of disease progression while undergoing medical therapy should be considered a treatment success, and that concept should be discussed with patients at the first visit. Given the number of patients with this condition, it is necessary to further investigate the pathophysiology of this condition so as to better propose future treatment options. Novel techniques, such as autologous stem cell or platelet rich plasma treatments, may offer improved results over the long term, but this remains to be seen.
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